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ELECTRONIC DEVICE WITH LIQUID CRYSTAL DISPLAY 

BACKGROUND OF THE INVENTION 

1. Field of the Invention: 

The present invention relates to electronic apparatus with a 
direct-viewing type liquid crystal panel which uses a light 
emitting diode (LED) as an illumination source for the liquid 
crystal panel. 

The electronic apparatus of the invention include information 
processing devices, such as note or laptop personal computers and 
mobile computers, head-mounted displays, video cameras, digital 
still cameras, car navigation systems, and cellular phones. 

2. Description of Related Art: 

In recent years, research and development have been 
conducted on the liquid crystal panel production technology and 
resulted in a relatively inexpensive price of the liquid crystal 
panel. Further, as the information society has progressed in the 
filed of the Internet and electronic mail, the note type personal 
computers (hereinafter referred to as note type PCs) have rapidly 
prevailed. 

The digital still cameras and video cameras incorporate a 
liquid crystal panel so that a photographed picture can be viewed 
on the site. Because of this advantage, these cameras have gained 
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popularity with consumers. 

There are two types of liquid crystal panel: a transmission 
type and a reflection type. The transmission type liquid crystal 
panel has a backlight installed at the back of the panel whose 
illumination light passes through the liquid crystal panel to form 
an image on the display that can be seen by the user. The 
reflection type liquid crystal panel, on the other hand, does not 
require a backlight and forms an image by reflecting external light 
by the liquid crystal panel. The display quality of the reflection 
type, however, does not match that of the transmission type. 

Because the note PCs and digital cameras are used for 
displaying Internet home pages in color, importance is placed on 
the display quality such as color reproducibility and the liquid 
crystal panel for use with these electronic devices needs to be of a 
transmission type. 

Generally, the backlight source for the transmission type 
liquid crystal panel uses a cold cathode tube that emits white rays. 
The cold cathode tube is a fluorescent lamp and thus requires a 
high-voltage AC power supply to be turned on. Hence, the 
electronic devices such as note PCs require a DC-AC converter for 
converting a DC power supply into an AC power supply of several 
hundred volt. 

At present, essential factors in improving the portability of 
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electronic devices are reductions in power consumption, size and 
weight. Although the power consumption of the liquid crystal 
panel itself is small, the use of a backlight of a conventional cold 
cathode tube requires a high voltage, which hinders the reduction 
in power consumption. Another drawback is that the cold cathode 
tube has a short life time of about 2,000 hours. 

SUMMARY OF THE INVENTION 

The present invention has been accomplished in light of the 
problems described above and provides electronic devices 
incorporating a liquid crystal panel that has overcome the 
drawbacks of high power consumption and short longevity (life) of 
the light source. 

In the information device incorporating a liquid crystal panel 
that overcomes the aforementioned drawbacks, the illuminating 
light source for the liquid crystal panel comprises: 
3-color light emitting diodes for producing three primary colors 
for additive color mixing; and 

a means for mixing rays from the three-color LEDs to produce 
white light. 

In this embodiment, the use of LEDs as a light source for 
illuminating the liquid crystal panel makes it possible to easily 
reduce power consumption and size of the electronic device such as 
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a note PC. 

LED is a solid element using the photoelectric conversion 
effect of a semiconductor. Illuminating an LED requires 
application of DC voltage of about 1.5 V and thus eliminates the 
need for the conventional DC-AC converter, which in turn results in 
a significant reduction in power consumption. The LED is a 
semiconductor device and thus more reliable and has a smaller size 
and a longer life than the cold cathode tube. 

In the construction described above, the 3-coior LEDsfor 
generating three primary colors for additive color mixing 
typically red, green and blue LEDs — emit color rays of light which 
are mixed to produce white light that in turn is used for 
illuminating the liquid crystal panel. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1(A) is an exploded perspective view of an essentia! 
part of a transmission type liquid crystal display. 

Figure 1 (B) is a plan view partially showing a LED light 
source. 

Figure 2 is an external perspective view of a note PC, 
Figure 3 is a schematic view showing the construction of the 
liquid crystal panel. 

Figure 4(A) is a schematic view showing the construction of 
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a main part of a reflection type liquid crystal display. 

Figures 4(B) to 4(D) are views for explaining a LED light 
source. 

Figures 5(A) and 5(B) are schematic diagrams showing the 
arrangement of the liquid crystal panel and the LED light source, 

Figures 6(A) and 6(B) are schematic diagrams showing the 
construction of the LED light source. 

Figures 7(A) to 7(F) are external views showing examples of 
electronic devices. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The invention will be described by referring to Figures 1 to 7. 
Embodiment 1 : 

This embodiment represents an example in which the present 
invention is applied to a note PC (personal computer) incorporating 
a liquid crystal display. Figure 2 shows a rough external 
perspective view of a note PC 20 which has a liquid crystal display 
21 using a color display as a display means. 

Figure 1 (A) is an exploded perspective view of a main portion 
of the liquid crystal display 21 which has a scatterplate 1 1 and an 
LED light source 12 arranged in that order behind a transmission 
type liquid crystal panel 10. 

As an illumination light source for the transmission type 
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liquid crystal panel 1 0 an LED light source 1 2 is used. The LED 
light source 12 has LED lamps 13 arranged two dimensionally on a 
substrate 14. In this embodiment, as shown in Figure 1(B), LED 
lamps of three colors red LED lamps 13R, green LED lamps 13G 
and blue lamps 13B - - are used. Figure 1 (B) is a partial top view of 
the LED lamps 1 3, showing the arrangement of the LED lamps 1 3 on 
the substrate 14. The three-color LED lamps 13R, 13G, 13B are 
arranged in delta for uniform distribution over the substrate 14. 

The scatterplate 1 1 is made of a material transparent to a 
visible light, such as acrylic, polycarbonate and glass. The 
scatterplate 1 1 may be formed at its side surface with a 
reflection plate. 

Figure 3 shows an outline construction of the transmission 
type liquid crystal panel 10. An active matrix substrate comprises 
a pixel matrix circuit 101 , a scan line drive circuit 1 02 and a 
signal line drive circuit 1 03, all formed on a glass substrate 100. 
The scan line drive circuit 102 and the signal line drive circuit 103 
are connected to the pixel matrix circuit 101 through scan lines 
121 and signal lines 122. These drive circuits 1 02, 1 03 are formed 
mainly of CMOS circuits. 

The scan line 121 is formed for each row of the pixel matrix 
circuit 101 and the signal line 1 22 is formed for each column of 
the pixel matrix circuit 101. Near the intersections of the scan 
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lines 1 21 and the signal lines 1 22, pixel TFTs 1 1 0 connected to the 
scan lines 1 21 and the signal lines 1 22 are formed. The pixel TFTs 
1 1 0 are each connected with a pixel electrode 1 1 1 and a capacitor 
112. 

An active matrix substrate and a counter substrate 200 are 
bonded together with a liquid crystal sealed between them. The 
active matrix substrate is formed with external terminals of TFTs 
during the manufacturing process, and the portions of the active 
matrix substrate that are formed with the external terminals are 
not opposed to the counter substrate 200. The external terminals 
are connected with an FPC (flexible printed circuit) 130, through 
which external signals and power supply are fed to the circuits 
101-103. 

The counter substrate 200 is formed with color filters at 
portions facing the pixel matrix circuits, and the color filters are 
formed with a transparent conductive film such as ITOfilm over 
the entire glass substrate. The transparent conductive film is a 
counter electrode facing the pixel electrode 1 1 1 of the pixel 
matrix circuit 101. An electric field produced between the pixel 
electrode 1 1 1 and the counter electrode drives the liquid crystal 
material. 

The active matrix substrate has IC chips 1 31 , 1 32 at the FPC 
1 30 mounting surface. These IC chips are formed with a video 
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signal processing circuit, a timing pulse generation circuit, a 
correction circuit, a memory circuit, a calculation circuit and 
others. Although two IC chips are shown in Figure 3, it is possible 
to use one IC chip or three or more IC chips. 

In operating the liquid crystal display 21, the three-color LED 
lamps 13R, 13G, 13B of the LED light source 12 are illuminated. 
The red, green and blue rays emitted from the respective LED lamps 
enter the scatterplate 1 1 where they are scattered and mixed to 
form white rays LW that go out from the entire surface of the 
scatterplate 1 1 . The white rays LW illuminate the whole back of 
the transmission type liquid crystal panel 10. 

The white rays LW entering the transmission type liquid 
crystal pane! 10 are modified according to the orientation of the 
liquid crystal material and pass through the color filters of the 
counter substrate. The PC user can recognize the transmitted light 
LT from the liquid crystal panel 1 0 as a color image. 

Embodiment 2: 

In the embodiment 1, color filters are used to produce color 
images, and three-color LED lamps 13R, 13G, 13B are illuminated 
simultaneously to produce white light. In this embodiment 2, color 
images are made without using color filters. 

One frame of a color image is divided into three sub-frames. 
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Red, blue and green image data are successively written into the 
pixel electrodes in the active matrix substrate. Then, in 
synchronism with the writing of red, blue and green image data, 
the LED lamps 13R, 13B, 13G are controlled to be turned on. That 
is, while the red data is written, only the red LED lamp 13R is 
lighted and a red image is displayed on the liquid crystal panel 10. 

In general, when the frequency of one frame is 60 Hz, the 
sub-frame frequency is 1 80 Hz. At this frequency a red image, a 
green image and a blue image are successively displayed. These 
red, green and blue images are combined on the retina of the user 
of PC 10 and recognized as a color image. 

To drive the liquid crystal at a speed as high as 1 80 Hz, a 
f erroe | ec tric liquid crystal material is appropriate for use with 
the liquid crystal material. When a nematic liquid crystal is used, 
it must be aligned in an optically compensated bend (OCB) mode. 

Embodiment 3: 

This embodiment is a variation of the embodiment 1. While 
in the embodiment 1 the transmission type liquid crystal panel is 
mounted on a note PC, this embodiment 3 describes an example of a 
note PC using a reflection type liquid crystal panel. The external 
view of the note PC is shown in Figure 2. 

The reflection type liquid crystal panel does not require a 
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backlight and therefore has the advantages of light weight and low 
power consumption. However, because external light is used, the 
display is hard to see in a dark place. This embodiment is intended 
to improve this drawback. 

Figure 4(A) shows the construction of the main part of the 
liquid crystal panel 10 of this embodiment. At the opposing sides 
of a reflection type liquid crystal panel 30 are arranged LED light 
sources 31, which illuminate the reflection type liquid crystal 
panel 30 so that the display can be seen even in a dark place. 

By referring to Figures 4(B) to 4(D), the construction of the 
LED light sources 31 will be explained. As shown in Figures 4(B) 
and 4(C), the LED light sources 31 have a first-dimensionally 
arranged LED lamps 33 and a reflection plate 34 arranged at the 
back of the LED lamps 33. 

As shown in Figure 4(D), the LED lamp 33 comprises a red LED 
chip 33R, a green LED chip 33G and a blue LED chip 33B arranged on 
a substrate, with the surface of these chips coated with resin 33a. 
The surface of the resin 33a is frosted. 

The function of the LED light sources 31 will be explained by 
referring to Figure 4(E). Figure 4(E) shows an outline cross section 
of the reflection type liquid crystal panel 30. The construction of 
the reflection type liquid crystal panel 30 is as shown in Figure 3 
and a liquid crystal 60 is sealed between glass substrates 40 and 
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50. The glass substrate 40 on the side of the active matrix 
substrate is formed with a pixel matrix circuit 41 and a peripheral 
drive circuit 45. 

The pixel matrix circuit 41 is formed with pixel TFTs 42 and 
pixel electrodes (reflective electrodes) 43 made of metal material. 
The peripheral drive circuit 45 is formed mainly of CMOS circuits. 

On the back of the glass substrate 50 on the counter 
substrate side are formed triangular wave-shaped inclined 
surfaces 50a. On the opposite side are formed color filters and 
counter electrodes. 

When an image on the reflection type liquid crystal panel 30 
is to be checked in a dark place, the LED lamps 33 of the LED light 
sources 31 are turned on. The red, blue and green 3-color LED chips 
33R, 33G, 33B of the LED lamps 33 are applied with voltages to 
emit light. Light rays of red, blue and green colors emitted from 
the LED chips 33R, 33B, 33G are randomly scattered and mixed to 
form white light LW that goes out from the LED lamps 33. 

The white light LW directly emitted from the LED lamps 33 or 
reflected by the reflection plate 34 enters the glass substrate 50 
on the counter substrate side from its side. Because of the 
inclined surfaces 50a formed at the back of the glass substrate 50, 
the white light LW repeats being reflected as it propagates through 
the glass substrate 50 toward the inner part of the panel 30. The 
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light that has entered is reflected by the reflection electrodes 43, 
passes through the glass substrate 50, and leaves the liquid 
crystal panel. The reflected light LRthat has penetrated the glass 
substrate 50 is recognized as a color image by the PC user because 
it was modified when passing through the liquid crystal. 

To ensure that the white light LW can enter the glass 
substrate 50 efficiently, it may be collected by a lens 70 such as a 
cylindrical lens before entering the liquid crystal panel 30, as 
shown in Figure 5(A). 

Rather than arranging the LED light sources 31 horizontally 
with respect to the liquid crystal panel 30, they may be arranged 
diagonally above the panel to throw the white light LWonto the 
back (the surface formed with the inclined surfaces 50a) of the 
glass substrate 50. In this case, too, the lens 70 may be provided 
as shown in Figure 5(A). 

While this embodiment, provides two LED light sources 31 , 
only one light source may be used. It is also possible to arrange 
three or four LED light sources to encircle the liquid crystal panel 
30. 

Embodiment 4: 

Although the reflection type liquid crystal panel of the 
embodiment 3 is shown to use color filters to display a color 
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image, it is also possible, as in the embodiment 2, to display a 
color image by the reflection type liquid crystal panel without 
using the color filters. 

In this case, red, blue and green LEDs are turned on in 
succession. Instead of using the LED lamps 33 of Figure 4, an LED 
lamp 90 shown in Figure 6 may preferably be used. The LED lamp 
90 in this embodiment has a red LED array 90R, a green LED array 
90G and a blue LED array 90B arranged on a substrate 90a and 
coated with resin 90b. 

The LED arrays 90R, 90G f 90B can be turned on independently. 
At the timing that red, green and blue image data are written into 
the pixel electrodes, the corresponding color LED arrays can be 
turned on. 

Embodiment 5: 

The CMOS circuits and pixel matrix circuits formed according 
to the invention can be used on a variety of electro-optical devices 
(active matrix type liquid crystal displays). That is, this invention 
can be applied to all electronic devices incorporating these 
direct-viewing type liquid crystal panels. 

Such electronic devices include video cameras, digital 
cameras, head mounted displays (goggle type displays), car 
navigation equipment, personal computers and mobile information 
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terminals (mobile computers, cellular phones or electronic books). 
Such examples are shown in Figures 7(A) to 7(F). 

Figure 7(A) shows a personal computer, which comprises a 
body 2001 , an image input section 2002, a display 2003 and a 
keyboard 2004. This invention can be applied to the image input 
section 2002, the display 2003 and other signal control circuits. 

Figure 7(B) shows a video camera, which comprises a body 
2101, a display 21 02, a voice input section 21 03, operation 
switches 21 04, a battery 21 05 and a picture receiving section 
21 06. This invention can be applied to the display 2102, a voice 
input section 2103 and other signal control circuits. 

Figure 7(C) shows a mobile computer, which comprises a body 
2201 , a camera section 2202, an image receiving section 2203, an 
operation switch 2204 and a display 2205. This invention can be 
applied to the display 2205 and other signal control circuits. 

Figure 7(D) shows a goggle type display, which comprises a 
body 2301 , a display 2302 and an arm section 2303. This invention 
can be applied to the display 2302 and other signal control 
circuits. 

Figure 7(E) shows a player using a recording medium 
containing programs, which comprises a body 2401 , a display 2402, 
a speaker 2403, a recording medium 2404, and an operation switch 
2405. This device can use DVD (digital versatile disc), CD and 
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others as a recording medium and allows the user to listen music, 
see movie and perform games and Internet. This invention can be 
applied to the display 2402 and other signal control circuit. 

Figure 7(F) shows a digital camera, which comprises a body 
2501 , a display 2502, an eyepiece 2503, operation switches 2504 
and an image receiving section (not shown). This invention can be 
applied to the display 2502 and other signal control circuits. 

As described above, the range of application of this invention 
is very wide, including electronic devices in various fields which 
incorporate the direct-viewing type liquid crystal display. These 
electronic devices can be implemented by using any combination of 
the above embodiments 1 to 4. 

The use of the LEDs as an illuminating light source for the 
liquid crystal panel can eliminate the drawbacks of a backlight 
using a conventional cold cathode tube, such as high power 
consumption and short life of the light source, and offer reduced 
power consumption and longer life. 
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What is claimed is: 



-| t An electronic device incorporating a liquid crystal display 
which has an illuminating light source for a liquid crystal panel of 
the liquid crystal display; the illuminating light source comprising: 
3-color light emitting diodes for producing three primary 
colors for additive color mixing; and 

means for mixing rays from the 3-color light emitting 
diodes to produce white light. 

2. A device according to claim 1 wherein the electronic 
device is a video camera, a digital camera, a head mounted 
display, a car navigation equipment, a personal computer, a 
mobile computer, a cellular phone or an electronic book. 

3. An electronic device incorporating a liquid crystal display 
which has an illuminating device for a liquid crystal panel of the 
liquid crystal display; the illuminating device comprising: 

3-color light emitting diodes for producing three primary 
colors for additive color mixing; and 

a scatterplate for scattering rays from the 3-color light 
emitting diodes to produce white light. 



16 



4. A device according to claim 3 wherein the electronic 
device is a video camera, a digital camera, a head mounted 
display, a car navigation equipment, a personal computer, a 
mobile computer, a cellular phone or an electronic book. 

5. An electronic device incorporating a liquid crystal display 
comprising: 

3-color light emitting diodes for producing three primary 
colors for additive color mixing in order to illuminate a liquid 
crystal panel of the liquid crystal display; and 

control means for controlling the turn-on of the 3-color 
light emitting diodes. 

6. A device according to claim 5 wherein the electronic 
device is a video camera, a digital camera, a head mounted 
display, a car navigation equipment, a personal computer, a 
mobile computer, a cellular phone or an electronic book. 



17 



ABSTRACT 

An electronic device, such as personal computer, 
incorporating a liquid crystal panel which uses LEDs as an 
illuminating light source for a liquid crystal panel to reduce power 
consumption and size of the electronic device. When 3-color LED 
lamps 13R, 13G, 13B of the LED light source 12 are lit, red, green 
and blue rays emitted from respective LED lamps enter the 
scatterplate 1 1 where they are scattered and mixed to produce 
white light LW which goes out from the entire surface of the 
scatterplate 11 to illuminate the entire rear surface of the 
transmission type liquid crystal panel 10. The white light LWthat 
has entered the liquid crystal panel 10 is modulated according to 
the alignment of the liquid crystal material and passes through the 
color filters of the counter substrate. The user can view the 
transmitted light LT from the liquid crystal panel 1 0 as a color 
image. 
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